Near Threatened (NT), Vulnerable (VU), Endangered (EN), Critically Endangered (CR), 1 8 0
and Extinct (EX). We grouped these narrow categories into two broader threat categories, available trait data, we randomly sampled 50 specimens from each available species with 1 8 9 trait data using 1000 randomizations. Species with less than 50 specimens were excluded 1 9 0 from this analysis. We assessed phylogenetic signal in collection frequency as a measure of phylogenetic 1 9 4 bias using two different tests (Wolkovich et al., 2013) . A strong phylogenetic signal - To alleviate these concerns, we also tested for phylogenetic bias by including only D a r u e t a l . 9
Threatened and Conservation Dependent = 0.01, Vulnerable = 0.1, Endangered = 0.67, 2 3 6
and Critically Endangered = 0.999.
3 7
Last, we examined the phylogenetic structure of collecting efforts across decades to test for patterns of phylogenetic overdispersion and clustering through time. Temporal 2 3 9 phylogenetic structure by decade was evaluated using the net relatedness index (NRI) and 2 4 0 nearest taxon index (NTI; Webb et al., 2002 Webb et al., , 2008 . NRI describes a tree-wide pattern of were concentrated in the south and coldspots in the north.
6 7
Herbarium specimens tended to be collected closer than expected to roads and 2 6 8 herbaria (p<0.01; Fig. 2a, b ). More than 50% of herbarium specimens were collected 2 6 9
within 2 km of roadsides in all three floras (p<0.01; Fig. 2a ). Moreover, distance to 2 7 0 herbaria explained 45% of the variance in collecting effort in AU, 29% in SA and 12.3% 2 7 1 in NE (Table 1) . Despite substantial gradients in altitudes in each region (-15 -2022 There were historical biases in collection efforts in the three floras: low sampling until 2 7 8 1880 in AU and SA, and a burst of collections in NE in the early 20 th century (Fig. 3 ).
7 9
Conversely, there was a dramatic increase in botanical collection in SA and AU after 2 8 0
World War II, peaking in the 1980s and 1990s, respectively ( Fig. 3 respectively; both p < 0.001; Fig. 4a ). Perennials were more frequently collected than annuals in terms of specimens per species 2 9 1 in SA and NE, whereas the opposite was true for AU ( Fig. 5a ). Similarly, graminoid 2 9 2 specimens per species were over-represented relative to other habits in AU and SA, whereas herbs and trees were over-represented in NE ( Fig. 5b ). Relatively short plants were more frequently represented than taller plants in all three floras: 79.3%, 89.3% and 2 9 5 D a r u e t a l . 1 1 84.9% of the plants collected in AU, SA and NE, respectively were less than 5 m in 2 9 6 height ( Fig. 5c ).
9 7
Threatened species were collected significantly less often than non-threatened 2 9 8 plants across all three floras (all p < 0.001; Fig. 5d ). There was a significant, but weak phylogenetic signal in the abundance of specimens per 3 0 2 species across all three floras (Table 2) . Specifically, closely related species tended to 3 0 3 have a more similar number of specimens in a collection than expected ( Table 2 ; Fig. 6 ). specimens per species, whereas many fern species were represented by high specimen 3 0 9
numbers (e.g., Onoclea with 845 specimens/species). Australian collections showed the Asteraceae showing the strongest collection bias ( Fig. 7) , followed by Cyperaceae, Poaceae, and Rosaceae (Table S1 ). 'Evolutionary distinctiveness and global endangerment' (EDGE) was significant 3 1 5
predictor of collecting efforts in all three floras (p < 0.001), with variance ranging from 3 1 6
1.89% (NE) and 3.75% (AU), to 8.89% in SA. In general, EDGE species were generally 3 1 7
under-collected in terms of specimens per species (Table 3) . Lastly, floristic collecting showed a general trend of phylogenetic clustering that clustering occurred near the tips of the phylogeny (Fig. 3 ). We only observed Collector bias
The number of specimens per collector was highly skewed (Fig. 8 ). In AU, more than 50% specimens; Fig. 8a ). In SA, more than 50% of the specimens were amassed by 9.5% of number of species they collected, suggesting that these collectors were doing general have not yet been fully digitized and mobilized. Collection biases in these areas are
difficult to categorize, and may skew global patterns of bias when considered alongside 3 5 8 areas whose collection data now are readily available. By focusing on three of the most 3 5 9
well-collected and digitized floras in the world, we reduced effects of missing or 3 6 0 unavailable data, and most importantly, could evaluate commonalities and differences in 3 6 1 patterns of bias among regional collections. Our data confirmed the tendencies for botanists to collect along roadsides (e.g., Funk & in the 1920s, people walked or rode domesticated animals (Botkin, 1968; Belasco, 1979) .
As routes became established, they formed our modern infrastructure, including roads, 3 6 9
railroads, and cities that contain herbaria, and spatial biases associated with infrastructure Species collected along roadsides are likely to be over-represented by species that thrive 3 7 5
with disturbance, and under-represented by forest interior and wetland species. Collection bias towards lower elevations (< 500m) was most striking in SA, Belt. This is likely because of the presence of the arid and relatively depauperate Great Karoo Plateau, which spreads across over a third of the country, but accounts for only a Collections in AU and SA have increased through time until only very recently, but those 3 8 5
in NE peaked in the early 1900s. These differences between regional collection activities and North America (Whittle, 1970; Musgrave et al., 1999) . In SA, collection efforts 3 9 1 began much later, peaked during the Apartheid Era from 1948 to 1994, and declined decline of the country and concern for public safety ( those designed to protect rare and endangered species. Collecting efforts within a season revealed common patterns of bias: specimens in to incorrect extinction risk assessments (that the species is rarer than it actually is) and 4 2 5
greatly limit opportunities to glean historic population and biogeographic data to guide 4 2 6 species conservation and restoration. other hand, is generally forested, with an abundance of shrubs and perennial herbs below. Tobler et al., 2007; Meyer et al., 2016) . However, our study is the first, to our knowledge, Collection efforts in all three floras were concentrated in particular clades.
7
Previous examination of taxonomic bias has been hampered because they did not In all regions we identified that a large percentage of specimens were gathered by only a 4 6 7 few collectors (Fig. 8 ). This implies that the habits and preferences of a few individuals areas where herbarium specimens have yet to be digitized and mobilized, providing additional focus for efforts to make collection data widely available.
9 8
Phylogenetic and trait biases can be alleviated by targeting collection efforts at 4 9 9 specimen gaps along these axes. Temporal bias is more difficult to address, as we cannot 5 0 0 add to historic collections. However, we can make efforts to maintain consistent regional 5 0 1 botanical records by conducting field surveys at regular intervals.
0 2
Some of the biases may also be attributed in part to longstanding curation represented in their current collections, despite increasing use of herbarium collections 5 0 8
for novel applications. This trend is becoming even more pronounced, as herbaria around (e.g., Vul et al., 2014) , the tendency to not collect additional specimens of a given species study, future studies could statistically test these solutions using appropriate null models. We thank the Harvard University Herbaria for logistic and financial support, and the 5 2 1 virtual herbaria in the three regional floras for granting us access to their data: Australian 1208829, 1208835, 1208972, 1208973, 1208975, 1208989, 1209149) . Special thanks to during the formation of this manuscript. CCD. Wrote the paper: BHD with significant comments and editing from all co- Biodiversity and Conservation 4: 183-205. Distributions 21: 769-780. Evolution 5: 807-820. times of New England's deciduous forests from herbarium specimens. American 5 9 5
Journal of Botany 101: 1-8. phylogenetic community structure and trait evolution. collecting activity depicting the spatial variation in sampling effort using Delaunay respectively of the number of specimens per locale. dates by days of the week for the three floras. Australia (n = 4,579,321 collection dates), South Africa (n = 771,991 collection dates), and New England (n = 562,587 collection 8 1 8 dates). and New England (right pane). and (c) New England. Collecting effort is not phylogenetically random, but tends to be (high number of specimens per species). 
